Abstract. The objective of the present work was to formulate tablet dosage form of itraconazole with enhanced bioavailability. Spherical crystal agglomerates (SCA) of itraconazole prepared by quasi emulsification solvent diffusion method using Soluplus and polyethylene glycol 4000 (PEG 4000) showed increased solubility (540 μg/ml) in 0.1 N hydrochloric acid as compared to pure drug (12 μg/ml). A Fourier transform infrared (FTIR) study indicated compatibility of drug with the excipients. The developed SCA were spherical with smooth surface having an average size of 412 μm. The significantly improved micromeritic properties compared to the plain drug suggested its suitability for direct compression. The antifungal activity of itraconazole was retained in the SCA form as evidenced from the results of the disc diffusion method. The optimized SCA formulation could be easily compressed into tablet with desirable characteristics of hardness (5 kg/cm 2 ) and disintegration time (6.3 min). The in vitro dissolution studies showed significant difference in the dissolution profiles of pure drug (21%) and SCA formulation (85%) which was even greater than that of marketed preparation (75%). In vivo pharmacokinetic showed significant enhancement in C max and AUC 0−t with relative bioavailability of 225%. The SCA formulation seems to be promising for enhancement of oral bioavailability of itraconazole.
INTRODUCTION
Fungal infections (like athlete's foot, finger and toe nail infections, yeast infections, oral thrush, and ringworm) are commonly acquired and are known to persist over time, causing great discomfort (1) . There are also systemic and opportunistic fungal infections which can result in more serious diseases, particularly in patients with compromised immune systems (2, 3) . Itraconazole, a triazole derivative, is used for the treatment of systemic fungal infection and is preferred over other drugs for histoplasmosis, blastomycosis, systemic mycosis, etc. (4) . It is a BCS class II drug having low solubility and high permeability. The extremely low solubility results into poor oral bioavailability (55%) of itraconazole. Presently, it is available in the form of capsule (Sporanox R, Itaspore R, Canditral R) and solution dosage form (Sporanox oral solution). However, the marketed solution dosage form contains high amount of solubility-enhancing agents such as polyethylene glycol (PEG) 20000 and HP-β-cyclodextrin, which cause osmotic diarrhea (5) . It is also available in the form of oral solution at 10 mg/ml. Solutions, in general, are less stable and difficult to handle as compared to the solid dosage form. Itraconazole is a poorly compressible drug; hence, manufacturing of its tablet dosage form by direct compression is difficult. Onmel (itraconazole) tablets, Merz Pharmaceuticals, are prepared by compression of itraconazole-HPMC solid dispersion obtained by melt extrusion (6) , a tedious and time-consuming technique requiring high temperature and pressure (7) . In contrast, the manufacturing of tablets by direct compression requires less unit operations and fewer excipients and is a fast, efficient, and cost-effective process in comparison to granulation (8) . The present investigation was aimed at the achievement of dual objectives of formulation of a tablet dosage form of itraconazole and enhancement of its bioavailability by increasing its solubility. Various approaches such as addition of directly compressible diluents and use of glidants are used for improvement of flow characteristics and compressibility. Many approaches for enhancement of solubility of poorly soluble drugs such as physical and chemical modifications of drug, particle size reduction, crystal engineering, salt formation, solid dispersion, use of surfactant, and complexation are also reported (9) . A simple technique used for increasing both solubility and compressibility of the drugs is spherical agglomeration. Spherical crystallization is a particle design technique, by which crystallization and agglomeration can be carried out simultaneously in one step. It has also been successfully utilized for improvement of flowability and compactability of crystalline drugs (10) . It also enables coprecipitation of drug and encapsulating polymer in the form of spherical particle. The enhancement of solubility and dissolution of a number of drugs such as aceclofenac (11) , gliclazide (12) , mebendazole (13) , mefenamic acid (14) , celecoxib (15) , and ibuprofen (16) have been reported using spherical agglomeration technique. So far, there is no work reported whereby enhancement of flowability, compressibility, as well as bioavailability has been achieved using spherical crystal agglomerate (SCA) technique. Hence, the objective of the present investigation was to develop spherical crystal agglomerates of itraconazole with improved flow property, compressibility, and solubility of itraconazole. The prepared spherical crystal agglomerates were compressed into tablets using direct compression method and evaluated for various parameters. In vivo pharmacokinetic studies were performed for the developed tablet formulation, and comparison was done with the marketed capsule preparation.
MATERIALS AND METHODS

Materials
Itraconazole was obtained as gift sample from Alembic Ltd., Vadodara, India. Soluplus was kindly gifted by BASF, Mumbai, India. PEG 4000 and starch were purchased from S.D. Fine Chem., Mumbai, India. Dichloromethane was purchased from Spectrochem Pvt. Ltd., Mumbai, India. All other chemicals and reagent used were of analytical grade.
Preformulation Studies
The saturation solubility, flow property, and compressibility of pure itraconazole were determined during the preformulation studies. Moreover, the drug excipient compatibility was ensured using Fourier transform infrared (FTIR) spectrophotometry.
Saturation Solubility Measurement
Ten milligrams of itraconazole was weighed accurately and transferred to a 50-ml beaker; 10 ml of 0.1 N hydrochloric acid was added, and the contents were stirred for 24 h at room temperature using magnetic stirrer. The sample was centrifuged at 5000 rpm at 4°C for 15 min, supernatant was collected, and the absorbance of solution was measured at 255 nm using 0.1 N hydrochloric acid as blank. The amount of drug solubilized was calculated by measuring the absorbance of the standard itraconazole solution of a known concentration.
Flow Property and Compressibility (17)
The various parameters like angle of repose, bulk density, tapped density, Carr index, and Hausner ratio were evaluated for pure itraconazole.
FTIR Study
Itraconazole, physical mixture of the excipients, and the physical mixture of drug with excipients were separately mixed with potassium bromide at a ratio of 1:100, and the pellets were prepared by applying 10 metric ton of pressure using a hydraulic press. The FTIR spectra were recorded for the samples over a range of 4000-400 cm −1 using the FTIR instrument.
Selection and Optimization of Formulation and Process Parameters
The spherical crystal agglomeration by quasi emulsification technique requires a solvent, an antisolvent, a polymer, and a bridging liquid. For selection of a solvent and an antisolvent, the solubility of itraconazole in various solvents was determined by adding itraconazole in small increments to a known volume of the solvent. The addition was continued till no further itraconazole could be dissolved in the solvent. The amount solubilized was calculated by subtracting the weight of the remaining amount from the initial weight. The solubility (μg/ml) was then calculated by dividing the amount solubilized by the volume of solvent, and the one which showed the highest solubility was selected as a solvent and that which showed lowest solubility was selected as an antisolvent. Bridging liquid was selected on the basis of ability to bridge the quasi emulsion droplets and form spherical crystal agglomerates. Various polymers such as polyvinyl pyrrolidone (PVP), crosslinked PVP, poloxamer 188, PEG 4000, and PEG 6000 were screened for their ability to enhance solubility and improve flow property of itraconazole. The process parameters such as agitation speed, agitation time, and aqueous phase volume were optimized based on the formation of uniform sized discrete spherical agglomerates.
Preparation of SCA
The SCA of itraconazole were prepared by quasi emulsification solvent diffusion method (18) . Soluplus (0.75% w/v) and PEG 4000 (0.3% w/v) were dissolved in 100 ml distilled water in a 250-ml beaker; 900 mg of itraconazole (0.9% w/v of aqueous phase) was accurately weighed and dissolved in 5 ml dichloromethane. Aqueous phase was stirred at 700 rpm using a mechanical (propeller) stirrer. Using a glass syringe, the organic phase (drug solution) was added dropwise into the aqueous phase while stirring, which was continued for 15 min; 0.5 ml of dichloromethane was then added as a bridging liquid. The final mixture was continuously stirred for 2 h until complete evaporation of dichloromethane. This resulted into simultaneous precipitation and spherical agglomeration of itraconazole. The formed spherical crystal agglomerates were filtered using Whatman filter paper, allowed to dry at room temperature, and collected after complete drying for further characterization.
Preparation of Tablet Containing SCA
Spherical crystal agglomerates equivalent to 200 mg itraconazole were weighed accurately; 20 mg starch, 2 mg talc, and 1 mg magnesium stearate were added and the mixture was taken in a polythene bag and mixed properly for 1 min to ensure proper mixing. The above mixture was compressed into tablets using a single-punch tablet machine with flat punches.
Evaluation of SCA
Saturation Solubility
Accurately weighed amount of SCA equivalent to 10 mg of itraconazole was transferred to a 50-ml beaker and further procedure was done as described in the preformulation study.
Particle Size, Flow Property, and Compressibility
The particle size of pure itraconazole and SCA of itraconazole was determined using a microscope at ×10 magnification. The determination of angle of repose, bulk and tapped density, Carr index, and Hausner ratio of the SCA was done as per the procedure described in the preformulation study.
Shape and Morphology
The shape and surface morphology of the spherical crystal agglomerates were studied using optical microscopy and scanning electron microscope (SEM), respectively. The agglomerates were observed microscopically under a digital microscope (Nikon Digital Sight DS-Fi2) to study their shape. For studying of the surface morphology by SEM, the samples were attached to sample stubs, silver-coated, and viewed using an accelerating voltage at the magnification of ×15,000.
Differential Scanning Calorimetry Study
The differential scanning calorimetry (DSC) thermograms of itraconazole and SCA form of itraconazole were recorded. Five milligrams of samples were scanned from 20°C to 300°C under inert nitrogen atmosphere at a heating rate of 10°C/min using a Shimadzu thermal analyzer (Shimadzu DSC-60, TA-60, Japan).
Powder X-ray Diffraction Study X-ray diffraction (XRD) study was performed to evaluate changes, if any, in the crystalline nature of the drug. Powder XRD analysis was performed for SCA and pure drug using an X-ray diffractometer (X'pert Pro, PANalytical, Singapore). The samples were irradiated with the monochromatized CuKα radiation and analyzed between 2°and 50°theta.
Antifungal Activity
In order to ascertain the retention of antifungal activity of itraconazole in its spherical crystal agglomerates form, the developed SCA formulation was tested by agar cup diffusion method (19) . The test was carried out using a culture of Aspergillus niger, in potato dextrose agar. Active culture of A. niger strain was inoculated in sterile 0.85% NaCl tube in a ratio of 1:9. Further dilution of the culture was done using sterile 0.85% NaCl to get 10 6 CFU/ml. Seeding of culture was performed by swabbing method in which a sterile swab was dipped into the culture suspension and excess fluid removed by pressing gently against the wall of test tube. The swab was placed on the edge of the agar plate and moved across to the other sides. Using a borer, wells of 6-mm diameter were made in the seeded agar plates. Itraconazole plain drug suspension and SCA suspension each containing 100 μg itraconazole were added into the wells. Plates were kept in freezer for 15 min and then in an incubator for a period of 48 h at 37°C. After 48 h, the zone of inhibition was measured.
Evaluation of SCA Tablets
Friability, Hardness, Thickness, and Weight Variation
The friability of the tablets was determined using the Roche friabilator and % friability was calculated. Hardness was measured using the Monsanto tablet hardness tester. The thickness of the tablet was measured by using vernier calipers. Weight variation was determined using 20 tablets. Disintegration test was carried out as described under the procedure for uncoated tablet in the Indian Pharmacopoeia (20) .
Assay
The drug content in tablet containing spherical crystal agglomerates was determined. Five tablets were crushed, and accurately weighed powder equivalent to 10 mg of itraconazole was dissolved in 100 ml methanol. The resulting solution was filtered, and after suitable dilution, the absorbance was measured using a UV-vis spectrophotometer. Drug content per tablet was calculated by comparing the absorbance with that of the standard itraconazole solution of known concentration.
In Vitro Dissolution Study
The USP paddle apparatus II was used for the in vitro dissolution studies; 900 ml of 0.1 N HCl was used as the dissolution medium and temperature was maintained at 37°C ±0.5°C throughout the experiment. In vitro dissolution studies were performed for the following samples: SCA tablet, SCA filled in gelatin capsule, pure itraconazole filled in gelatin capsule, and marketed capsule (Canditral 100 mg). The samples were placed in separate baskets of the dissolution apparatus. The dissolution apparatus was run at 100 rpm, and 5 ml samples were withdrawn at predetermined time intervals (10, 20, 30, 45, 60 , and 90 min) and replaced with equal volume of the fresh dissolution medium. The samples were filtered, and after suitable dilution, the absorbance was measured using a UV spectrophotometer at 255 nm. Sink conditions were maintained throughout the experiment. The study was carried out in triplicate and mean values were calculated. The amount of the drug dissolved was calculated by comparing the absorbance of the samples with that of standard solution of itraconazole of known concentration.
In Vivo Pharmacokinetic Studies
Bioavailability studies were performed using male Wistar rats weighing 280 to 350 g. All experiments and protocols described in this study were approved by the Institutional Animal Ethics Committee of The M.S. University of Baroda (Gujarat, India) and were in accordance with guidelines of the Committee for Purpose of Control and Supervision of Experiments on Animals, Ministry of Social Justice and Empowerment, Government of India. Three groups were made for the study, and three rats were kept in each group. The animals were kept under standard laboratory conditions, temperature at 25°C±2°C and relative humidity 55%±5%. The formulations (itraconazole spherical crystal agglomerates in suspended form and extemporaneous suspension prepared from marketed capsule (Canditral 100 mg) and plain drug suspension) were administered orally using a feeding tube. Dose for the rats was selected as reported and calculated based on the weight of the rats (30 mg/kg body weight) according to the surface area ratio. The animals were anesthetized using ether, and blood samples (approximately 500 μl) were collected from the retro-orbital vein using a heparinized needle (18-20 size) at 0 (predose), 1, 2, 4, 6, 8, 10, 12 , and 24 h after oral administration of formulations. The blood samples were collected into a micro centrifugation tube containing 100 μl of heparin as an anticoagulant, mixed, and centrifuged on a laboratory centrifuge at 5000 rpm for 20 min at ambient temperature. The supernatant plasma was carefully separated, filled in 1.5-ml micro centrifuge tube, and kept at −20°C until further analysis. Itraconazole detection was performed at 263 nm, using C 18 analytical column (5 μm, 4.6×250 mm). The mobile phase consisted of mixture of water and acetonitrile (30:70v/v) and the flow rate was 1 ml/min. Frozen plasma samples were thawed just prior to extraction; 0.5 ml of plasma sample was transferred to a 2-ml centrifuge tube. To that, 1.5 ml of acetonitrile was added as a precipitating agent, vortex-mixed for 1 min, and centrifuged at 15,000 rpm for 20 min at 4°C. The organic layer was decanted and filtered using syringe filter, and 50 μl of the filtrate was injected directly onto the HPLC column. The concentrations were calculated using a calibration plot drawn by analyzing standard itraconazole solutions by the HPLC method described above. Plasma concentrations versus time profile for all the three groups was plotted, and the pharmacokinetic parameters were calculated using Kinetica software (version 5.0).
Stability Studies
The formulated tablets were subjected to accelerated stability studies. Samples (with blister) were maintained for 6 months in an accelerated stability chamber at 40°C±2°C and 75%±5% relative humidity (RH) (21) . At intervals of 1 month, the samples were analyzed for drug content and in vitro dissolution rate (in 90 min).
RESULTS
Preformulation Studies
Saturation Solubility Measurement
The preformulation studies indicated that itraconazole is having saturation solubility of only 12 μg/ml in 0.1 N hydrochloric acid.
Flow Property and Compressibility
The results of the study of flow property and compressibility are shown in Table I .
FTIR Study
The FTIR spectra of the itraconazole, the physical mixture of the excipients (Soluplus and PEG 4000), and the physical mixture of itraconazole and excipients are shown in Fig. 1 . Itraconazole showed peaks at 1184 cm −1 (C-N stretching), 1141 cm −1 (C-O-C ring cyclic ether stretching), 1699 cm −1 (conjugated ketone), 1330 cm −1 (aromatic tertiary amine), and 1613 cm −1 (open chain imino -C═N-stretching) (22) as can be seen in Fig. 1(a) . These peaks are retained in the physical mixture of drug with excipients.
Selection and Optimization of Formulation and Process Parameters
The optimized parameters for the formation of spherical crystal agglomerates are shown in Table II .
Preparation of SCA and Tablets
The preparation of spherical crystal agglomerates of itraconazole was done by quasi emulsification solvent diffusion method. Soluplus was used as surfactant in the preparation of the primary emulsion. The formulation parameters were optimized by applying the Box-Behnken design of experiments (data not shown) (23, 24) . The drug concentrations, Soluplus concentrations, and PEG 4000 were selected as independent variables, while saturation solubility, Carr index, angle of repose, % yield, and % drug dissolution were taken as dependent variables. Three factors were evaluated each at three levels, and the experimental trials were performed at all 15 possible combinations given by design. The optimized parameters for the preparation of SCA of itraconazole are shown in Table II . The optimized SCA of itraconazole could be easily compressed into tablets having a smooth surface.
Evaluation of SCA
Saturation Solubility
The saturation solubilities of pure itraconazole and optimized SCA formulation in 0.1 N HCl were found to be 12 and 540 μg/ml, respectively.
Flow Property and Compressibility
The results of flow property and compressibility study of the SCA are shown in Table I . There is significant improvement in all the flow and compressibility parameters when itraconazole is converted into the SCA formulation.
Particle Size Analysis, Shape, and Morphology
The particle size of the pure itraconazole powder was found to be 50 μm whereas that of the optimized SCA was found to be 412 μm. The optical microscopic images of pure itraconazole and SCA are shown in Fig. 2a, b , respectively. The SEM images of pure itraconazole and SCA are shown in Fig. 2c, d . The images indicate the conversion of rod-shaped crystals into spherical agglomerates.
DSC Study
The results of DSC study are shown in Fig. 3 . The peak of itraconazole is clear, demonstrating a sharp endotherm at 169°C corresponding to its melting point. The DSC thermogram of SCA of itraconazole also shows an endotherm at the same temperature.
XRD Study
The XRD diffractograms of pure itraconazole and SCA are shown in Fig. 4 . The figure shows that the intensity of height of peaks was decreased in SCA of itraconazole (Fig. 4b ) in comparison to plain drug (Fig. 4a) .
Antifungal Activity
The mean diameter of zone of inhibition from the plain drug suspension and spherical crystal agglomerates was found to be 14 and 29.5 mm, respectively. Thus, the inhibition of SCA was significantly higher than that of the pure itraconazole.
Evaluation of Tablets
Friability, Hardness, Thickness, Weight Variation, Disintegration Time, and Assay
The friability and thickness of prepared tablets were obtained to be 0.73% and 0.37±0.12 cm, respectively, which is in the acceptable range. The tablets had sufficient hardness of 5 kg/ cm 2 which assures its mechanical strength while handling. The disintegration time was found to be only 6.3 min which is also acceptable as per various pharmacopeial limits for uncoated tablets. The average weight of 10 tablets was found to be 219.11 mg and none of the tablets showed a variation of more than 4%. The assay was found to be 99.23%±0.23% indicating insignificant loss of drug during preparation.
In Vitro Dissolution Study
The results of the in vitro dissolution studies are shown in Fig. 5 . The % dissolution of pure itraconazole was found to be 
In Vivo Pharmacokinetic Studies
The results of the in vivo pharmacokinetic studies are shown in Table III and Fig. 6 . There was a significant enhancement in the C max and the AUC 0−t of itraconazole in SCA form in comparison to plain drug suspension and also marketed capsule. The relative bioavailability of the developed formulation was found to be 225% in comparison to the plain drug suspension. There was 1.56-fold increase in the bioavailability of itraconazole SCA as compared to marketed capsule.
Stability Studies
The results of the stability studies (Table IV) indicated that there was no significant change in drug content and % drug dissolution. Thus, the prepared formulation was stable for a period of 6 months at accelerated conditions.
DISCUSSION
Spherical crystal agglomeration technique was used in the present investigation for enhancement of solubility and compressibility of itraconazole. It was successfully employed to develop SCA of itraconazole which could be directly compressed into a tablet with enhanced bioavailability.
The principal characteristics required were the enhanced solubility and uniform spherical shape.
An initial screening was done to estimate the solubility of itraconazole obtained after forming SCA using different excipients (data not shown). Soluplus (a polyvinyl caprolactampolyvinyl acetate-polyethylene glycol graft copolymer) (25) was found to give enhanced solubility of itraconazole while PEG 4000 gave spherical shape to agglomerates (observed using optical microscope). Hence, a combination of both these excipients was selected. SCA of itraconazole were prepared by quasi emulsification solvent diffusion method. The quasi emulsion formed contains Soluplus and PEG 4000 in the external aqueous phase. However, these being soluble in dichloromethane might tend to migrate to the internal organic phase. Upon evaporation of dichloromethane from the spherical emulsion droplets, Soluplus and PEG 4000 may precipitate along with the drug. Soluplus, being polymeric solubilizer, is responsible for enhanced solubility while solidification of PEG 4000 results in formation of SCA with smooth surface. The values of angle of repose (47%), Carr index (33.3%), and Hausner ratio (1.65) indicate that itraconazole has extremely poor flow characteristics and compressibility. The SCA formulation showed a significant improvement in all the flow and compressibility parameters indicating its suitability for direct compression. A significant increase in the particle size proves the formation of agglomerates. The improved flow property and compressibility may be attributed to the spherical shape with smooth surface, presence of PEG 4000, and an increase in the size leading to decreased frictional forces. FTIR studies are important in characterizing the interaction between drugs and excipients. There was no significant change in the characteristic peaks of itraconazole in the presence of excipients. This indicated that itraconazole is compatible with Soluplus and PEG 4000. Various methods such as solvent change, quasi emulsification solvent diffusion, and neutralization are reported for preparation of spherical crystal agglomerates. In solvent change method, the drug should be soluble in a watermiscible solvent and neutralization method is more suitable for amphoteric drugs. Itraconazole has poor solubility in water-miscible solvents and thus could not be converted into SCA using solvent change method. Hence, quasi emulsification solvent diffusion method was adopted for preparation of itraconazole SCA. The spherical agglomerates are formed by coalescence of the dispersed crystals resulting in an increase in particle size (26) . The DSC studies indicate the compatibility of itraconazole upon spherical crystallization using excipients. The significant increase in saturation solubility is attributed to the presence of Soluplus and PEG 4000 apart from its occurrence in the form of spherical agglomerates (27) . Moreover, from preliminary studies, it was evident that PEG 4000 did not have any influence on the solubility of itraconazole. It played Soluplus did have a positive influence on the solubility and it increased the solubility of itraconazole around tenfold compared to the pure drug. In general, spherical shape gives higher surface area and wettability to the particles as compared to rod shape of the same size. However, the size of the obtained SCA is significantly higher than that of the rodshaped crystals, and thus, its surface area is considerably reduced compared to the plain itraconazole crystals. Thus, an increase in wettability due to spherical shape and presence of Soluplus seems to be a main factor responsible for enhancement of solubility and dissolution rate. It is evident from the figures that the rod-shaped crystals of itraconazole were agglomerated into spherical shape upon crystal agglomeration. SEM images of pure itraconazole and SCA are shown in Fig. 2c, d . It can be seen that the formulation had a uniform spherical shape and smooth surface which indicated the absence of drug crystals on the surface. The decrease in peak intensity indicates a reduction in the crystallinity of itraconazole in the form of spherical crystal agglomerates. These results are similar with the results obtained by Zhang et al. where itraconazole/Soluplus solid dispersion also showed decreased crystallinity seen in XRD patterns (28) . It can be inferred that there is no loss of antifungal activity when itraconazole is converted in to the spherical agglomerate form. In fact, the higher zone of inhibition in case of SCA indicates that due to increased solubility in water, there is availability of higher concentration of drug in the SCA form. Moreover, the concentrations added in the wells were well above the minimum inhibitory concentration of itraconazole which is 1.0245 mg/l (29). Thus, there was more than fourfold increase in the dissolution of itraconazole. In addition, this higher dissolution within 90 min is favorable since it is reported that itraconazole absorption is promoted by low stomach pH (30) . There was no significant difference between the dissolution profiles of SCA filled in capsule or compressed in the tablet form (P>0.05). This indicates that the excipients used in the tablet preparation and the compression force used do not affect the dissolution characteristics. In comparison to the marketed capsule also, the spherical crystal agglomerates had significantly higher dissolution rates. The marketed preparation had higher dissolution compared to the plain drug possibly because of the presence of cyclodextrin in it. Further, it is known that cyclodextrin can cause osmotic diarrhea (31), thus limiting its use as an excipient. Hence, the developed SCA formulation which is devoid of cyclodextrin exhibits better dissolution profile compared to the marketed preparation and is expected to enhance the bioavailability (30) . It can be inferred from the dissolution studies that in the SCA form, there is almost complete drug dissolution in the gastric conditions within 90 min. Thus, it is expected that the SCA formulation upon administration would have higher bioavailability due to enhanced dissolution during its gastric residence where absorption of itraconazole is reported to be higher as compared to the intestine. The order of dissolution of itraconazole w i t h i n 9 0 m i n w a s S C A f o r m u l a t i o n > m a r k e t e d AUC area under the curve Fig. 6 . Concentration versus time curves of itraconazole in plasma medium obtained after administration of plain itraconazole suspension ( ), itraconazole SCA ( ), and marketed tablet ( ) preparation>plain drug suspension. The same pattern was observed in the values of C max and AUC confirming the dissolution-limited bioavailability of itraconazole. Moreover, in spite of increase in particle size of itraconazole up on spherical crystallization, there was increase in bioavailability.
The reason may be due to the spherical shape of crystals as well as Soluplus. Spherical-shaped particles give better dissolution than irregular-shaped particles. The higher bioavailability, absence of β-cyclodextrin, and tablet dosage form makes SCA formulation superior over the marketed preparation. The improvement in the oral bioavailability can lead to a decrease in the dose and consequently the side effects associated with the drug.
CONCLUSION
Spherical crystal agglomeration is a simple technique requiring few excipients as well as instruments. The dual objectives of enhancement of solubility as well as compressibility were achieved with a single formulation. The result of in vivo pharmacokinetic studies correlated well with the in vitro dissolution studies and confirms the dissolutiondependent bioavailability of itraconazole. This was our successful attempt to prepare the tablets of itraconazole by direct compression which is not reported so far. Further research is however advocated for achieving still higher bioavailability to achieve significant dose reduction and consequently side effects.
